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1. INTRODUCTION
1.1. Sponsor Background and Needs
Engineers Without Borders (EWB) is an international non-profit organization whose
mission is to improve the quality of life of disadvantaged communities worldwide through
education and implementation of sustainable engineering projects, while promoting new
dimensions of experience for engineers, engineering students, and similarly motivated nonengineers (EWB mission statement).
The term seang in the senior project team title “Seang Systems” translates from the Thai
word for light or brightness and is the focus of the senior project in designing a micro
hydropower system. The micro hydropower project strives to meet the needs of one specific
village in northern Thailand in partnership with Engineers Without Borders. Access to a
dependable source of energy is a basic need that all people should have access to and developing
hydropower is one solution that fits well with the community in mind. Utilizing currently
available systems, this senior project team is designing a micro hydropower system that will
meet the demand of this community, while realizing the importance of ease of construction,
availability of parts in the partnering country, and durability of the system. At the completion of
this senior project, the team will report its results to both the Cal Poly Mechanical Engineering
department and the Cal Poly Engineers Without Borders chapter, with the mindset that this
system will be implemented, if seen as suitable by both EWB and the partnering community.
The decision to propose the micro hydropower project was developed while traveling
with the Thailand team of Engineers Without Borders, Cal Poly on an assessment trip to meet
with hill tribe communities in northern Thailand. It was on this assessment trip that the need for a
dependable form of electricity was noted in several partnering communities and hydroelectric
power was identified as the most feasible choice.
Engineers Without Borders has a very specific structure that all partnering chapters strive
to follow throughout the process of implementing a project in a partnering community.
Communities in need around the world are primarily selected to coordinate with Engineers
Without Borders if a request is first submitted to the organization. Once this request is
completed, chapters can then begin to find an appropriate partner based on the technical need
that fits with the chapter’s expertise, as well as finding the necessary “chemistry” to make a long
lasting relationship prosper. Well before a project can be finalized for implementation, an
extensive assessment process needs to be undertaken by the EWB chapter. This process can only
be completed by working with an in-country, non-governmental organization (NGO) that has
had sufficient experience in working with the community members, gaining the necessary
understanding of the cultural and socio-economic makeup of the region. This assessment process
is often broken up into two trips, focusing on two very important steps. The first step is to
determine the need within the community. Once the need is clarified, which can often take
multiple trips to arrive at a consensus; the chapter researches all methods capable of meeting the
need and what can be feasibly implemented. On a following trip, a technology is decided upon
by the community that fits within the chapter’s capability to complete and has the potential to
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meet the needs that the community has presented. It is only after this point has been reached that
the EWB chapter can begin the design process and move towards an implementation trip.
The EWB Thailand team has been involved with the partnering community of Huai Nam
Khun, Thailand since 2004. During this time, eight water filtration systems have been
implemented; two at the central elementary/middle school and six in the neighboring villages.
All of these implementations underwent the same assessment process that EWB strives to follow
and it was this process that has helped lead to successful implementations. Through follow-up
monitoring trips, the successes and setbacks of these projects have been accounted for and any
necessary improvements have been made by working with the villagers in maintaining these
systems.
After completing these monitoring trips, an assessment trip was made in June, 2012 to
decide upon other needs within Huai Nam Khun and within other communities throughout
northern Thailand. It was on one of these assessment trips that the need for a form of dependable
power generation was determined as a primary need. Access to electricity has become
increasingly important throughout the world and this need is no different in these rural villages.
Two villages in particular, called Jasae and Ban Sip Lahn, described hydropower as the most
suitable form to meet the energy needs of their specific communities. Both villages were thought
to be inaccessible to the Thai power grid and currently they only have limited access to solar
power, implemented by separate development organizations. To give the travel team a better
perspective, one villager described how the entire village currently has the capacity to allow for
30 minutes of television, a capacity well below the current demand.
With this information available, the design of a hydroelectric system was proposed for
approval as a senior project to the mechanical and electrical engineering departments at
California Polytechnic State University. This senior project class began in September 2012 and
was completed in June 2013. Following approval, the senior project team was organized into
three mechanical engineering students (Adam Eberwein, Adam Hendry, and Ravi Sahai) and two
electrical engineering students (Ian Verstuyft and Chris Neally). This senior project team spent
the fall quarter of 2012 researching hydro system design, fundraising for building materials, and
developing an extensive assessment packet for the EWB team to complete upon a future
assessment trip to the communities in mind.
In December 2012, EWB completed an additional assessment trip to follow up on the
advances made during the previous summer trip and answer certain parameters required by the
senior project team. These parameters will be discussed further in the following chapters but, in
short, further progress could not be completed on system design without a flow rate, elevation
differential, and a number of other key parameters at the project sites.
From this assessment trip, the EWB team determined that another community aside from
Jesae and Ban Sip Lahn would serve as a more appropriate partner. The village of Mai Chan
Thai was deemed to be the optimal location for a hydroelectric system due to EWB team’s
familiarity with the people in this community, as well as a greater need and larger population to
reach than the previously visited locations. Additionally, the Mae Chan Thai people are already
well accustomed to the benefits of hydroelectric energy and have learned the importance of
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proper maintenance from their current nonoperational system. Years ago, a micro hydroelectric
system was put in place by another non-profit organization with the same purpose of relieving
the energy needs of the community. However, follow up monitoring trips were not undertaken by
this organization and certain components of the system fell into disrepair. Components such as
the ball bearings in the reverse pump required replacement over time, the piping at the inlet of
the penstock piping became clogged with sediment along with cracking in certain areas due to
sun exposure, and finally certain electrical components failed due to a damaging lightning strike.
All of these modes of failure will need to be taken into consideration by the EWB design team
prior to any final implementation.
During the EWB trip, the assessment team took detailed flow rate measurements of the
river, the elevation change between the different components of this current hydro system, and
GPS coordinates of the surrounding area. This information will be used to properly design an
appropriate system for the Mae Chan Thai village, whether that includes a full system
replacement or altering the current system. For visual documentation of the current hydropower
system in Mae Chan Thai, see Appendix A.

1.2. Formal Problem Definition
The village of Mae Chan Thai has a need for a dependable source of power that the Cal Poly
Engineers Without Borders Thailand team is currently pursuing to overcome. This Cal Poly
senior project team will focus on aiding EWB by providing external consultation on all aspects
of building a hydroelectric system sized for Mae Chan Thai; including research, design, and
construction practices. This senior project team is designing a system sized for the village and is
building a full scale model of the Mae Chan Thai system in the Cal Poly Fluid Mechanics
Laboratory that properly simulates the real life system. With full scale system available, all
lessons learned will be passed on to the EWB hydro team to incorporate all relevant information
and alter any lessons learned.
In addition, the construction of a micro hydropower system in the Fluid Mechanics Lab
presents the capability to incorporate a new lab for the class on Intermediate Fluid Mechanics.
An underground sump, piping system and reaction turbine system have been in place since the
construction of Engineering IV and the inclusion of a second turbine system can offer a number
of potential educational opportunities for future mechanical engineering students that the senior
project team will explore.
1.3. Objective/Specification Development
The micro hydropower project focuses on both the ideals of Engineers Without Borders
and Cal Poly’s senior project program by emphasizing the process of design, build, test and
report. A project can only be successfully implemented in the field if it is first designed to meet
the needs of the client, prototyped, and tested to ensure the capabilities of the product. It is
important to note the scope of a senior project in order to successfully meet every step of this
process.
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The objective of the micro hydropower project is not to design a brand new form of
power generation and implement that technology in the field. This would be well beyond the
scope of senior project and is simply unnecessary. The micro turbine is a relatively wellestablished technology and is utilized throughout the developing world. Therefore, there is little
need to deviate from a system that is already successful in the field. Instead, this senior project
team is focusing on the design specifications necessary for a successful implementation at the
specific site of Mae Chan Thai. For more information on site location and information, see
Appendices A, B, and C. This process includes a number of steps. First, the senior project team
must arrive at a consensus on the energy demand for this community. The prototype should be
designed with both the current energy demand in mind, as well as the increase in demand over
the entire life of the system.
Depending on the demand, the model to be built at Cal Poly is not required to meet these
necessary loads. Instead, the model is intended to provide proof of concept, and serve as learning
tool for the EWB team that will be installing the system in Mae Chan Thai. The focus of this
design will not necessarily be on optimizing efficiency. Instead, the focus will be ease of
construction, availability of parts in the partnering country, and durability of the system. After
these initial goals are met, if improvements to efficiency can be made than they will be
considered.
Other components to note include a suitable form of transmission to the villages in need,
as well as a suitable form of storage in off-peak periods. These and other design criteria are
further developed in the following sections.
The ultimate goal of this project is to develop a working prototype of a hydroelectric
power system for the Mae Chan Thai community. Besides providing sufficient power to sustain
their desired quality of life, this system must be able to be maintained by the locals themselves.
The first step in designing a prototype will be to determine the exact power requirements of the
village. This will require obtaining an estimate of the number and types of appliances used and
the number of houses to be powered each day. Flow rate data from the river must also be
collected, which will have to be done by one of the in-country contacts. The elevation head
needed to produce this power will then be calculated. This result will depend on a reliable
estimate of the minimum, maximum, and average monthly rainfall in the village to determine the
amount of water available for use. The local topography of the village will have to be known to
determine where to build the system and how to reroute water back to the river. In addition,
locations not permitted by locals for building and the amount of water currently being used for
agriculture, drinking water, and other communities must be known. Both of these will, again,
need to be obtained from a local contact. A piping system must also be presupposed in order to
calculate the energy losses associated with water transport from the river. With knowledge of the
available river flow rate and elevation head, an appropriate turbine wheel may be chosen.
It is very important that the system is built using components readily available to the
villagers of Thailand, and in a manner such that they may easily fix components when they
break. The EWB team must approximate the time it will take to fully build the system and
implement the design to make this as short as possible. The construction would most certainly
require the help of the villagers, so developing an easily explainable construction process will be
essential. The system is to be designed around the baseline of the region’s dry season to work
year-round as well. Hence, extra precautions will be taken to ensure the system does not fail
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during the rainy season, or worse, in the case of a flood. Control system instrumentation could be
instrumental in this task. For instance, turbines are often rated at a “run-away” speed: the turbine
speed at full flow with no shaft load. The turbine is designed to survive mechanical forces at this
speed, but no assurance is given if this speed is exceeded. Thus, it may be necessary to
incorporate a safety measure, such as a governor or clutch to control the turbine shaft rotational
speed or act as an emergency stop, respectively.
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2. BACKGROUND
2.1. Existing Products
To determine which turbine would be most suitable for our conditions, the team conducted
extensive research on the different types of turbines available and assessed the viability of three
different turbine designs for our system. A comparison was completed between a Cross Flow
turbine, Pelton wheel, and Turgo turbine. A summary is shown in Table 1 below:
Table 1. Turbine Specification Information
Cross Flow

Pelton

Turgo

Impulse
5 to 50m
70-82%
high flow rate
low head
high efficiency under
varying load
simple design, easy to
build/repair
self-cleaning, more
reliable
radial force only
only 2 bearings, 3 rotating
elements

Impulse
15 to 1000m
70-90%
high head
low flow rate
higher efficiency than cross
flow

Impulse
15m to 300m
70-90%
high head
low flow rate
higher efficiency than cross
flow
highest speeds (best for
generator)

lower peak efficiency

steep efficiency curves

slightly lower efficiency than
pelton

axial force on shaft

radial and axial force

Visual
Representation

Turbine Type
Head Range
Efficiency
Conditions

Pros

Cons

designed for high flow
rate, low head
slower speeds
harder to build (bucket
design)

high speeds
low flow rate, high head

low flow rate, high head
less interference than pelton

interference at high speeds
harder to build (bucket design)

2.2. Specific Technical Data
With the background knowledge of existing hydropower products available to the senior
project team, an understanding was formed that a hydropower design is entirely dependent on the
site for which the system is built. Fortunately, the EWB Thailand team had scheduled a followup assessment trip to the partnering Thai communities in conjunction to the background research
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being undertaken by the senior project team. The senior project team was able to aid in this
assessment trip by developing a task list summarizing different questions that the senior project
team needed answering in order to move forward with the design of an appropriate turbine
system design. A general list of the questions to and responses by the EWB team can be found in
Appendix C.
Many technical and logistical questions were asked of the Thailand team for proper system
design; however, the two questions of most importance pertained to the total elevation change
(head) available for a hydro system and the available flow from the river source. These two sets
of data would ultimately determine whether the design would move towards a reaction turbine or
impulse turbine design and if an impulse turbine were selected, whether a cross flow, pelton, or
turgo application would be most appropriate.
Prior to travel, the EWB team ensured that all equipment was available to gather the
necessary technical data. To measure the available head, the EWB team brought an automatic
level for shorter distances that required precise measurements and a GPS tracking device for
longer and less accessible distances. Typically, GPS provides less accurate information but could
still be useful depending on the application. Tables 2 and 3, below, provide that different data
points gathered from an onsite automatic level survey and GPS survey.

Table 2. Automatic Level Survey between Mae Chan Thai
Settling Tank and Power House Generator
Point
1
2
3
4
5
6
7
Total Head:

Backsight (ft)
2.48
0.45
0.26
0.98
0.37
0.30
0.60
83.05 feet

Foresight (ft)
12.71
12.97
12.49
12.99
13.04
12.30
11.99
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Table 3. GPS Survey between Mae Chan Thai, Power House Generator and Dam

GPS Survey: Generator to Dam
Point
Settling Tank
Generator
River 1
River 2
(Broken Pipe)
River 3
River 4
(Split Pipe)
River 5
(Can see both ends)
Dam
Estimated Head

Latitude (N)
19°28'33.6"
19°28'34.3"
19°28'32.3"

Longitude (E)
99°19'11"
99°19'9.8"
99°19'10.0"

Elevation (m)
1299
1270
1288

19°28'29.9"
19°28'29.4"

99°19'10.2"
99°19'10.8"

1293
1297

19°28'28.9"

99°19'11.2"

1300

19°28'27.6"
99°19'11.3"
19°28'24.1"
99°19'10.7"
Settling Tank to Generator:
Dam to Settling Tank:

1304
1312
95.1 feet
42.7 feet

As seen above, there is a difference of roughly 12 feet between the automatic level and
the GPS values from settling tank to generator. With this information in mind, all data points
requiring accurate values will be taken by automatic level and any point requiring general
information will be taken by GPS. All values used in this senior project related to fluid
mechanics and pressure buildup will be taken from the automatic level survey, due to the
necessity of accurate information, while other information such as the distance for transmission
lines from the power house to the village will be taken from the GPS survey.
It is important to note in the above head measurements the elevation change between the
dam and the settling tank. In the current system, there is roughly a 40 foot elevation change that
could have been utilized for power generation that currently goes unused. The reason as to why
the original designers decided the current settling tank location is uncertain but the EWB team
will consider moving the settling tank closer to the dam, if deemed appropriate.
Flow measurements were the next critical data points needed for the senior project team
to design an appropriate system. There are a number of options on how to properly measure the
flow rate of a flowing body of water, such as the Mae Chan Thai. In the future, the EWB team is
considering purchasing a mechanical flow meter that will continuously measure changing flow
rates throughout the year. Instead, a procedure outlined in Appendix D known as the “Float
Method” was used to gather general information on the flow properties of the river. This method
includes gathering an analysis on the section profile of the river and the perceived average speed
that the river is flowing at. By multiplying the cross sectional area by fluid speed, the flow rate of
the river is determined.

(1)
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The cross section area of the river is measured simply by measuring depth levels at set
increments across the river width and these values can be seen below in Figure 1.

Mae Chan Thai River Section Profile at
Dam

45

River depth (cm)

40
35
30
25
20
15
10

5
0
0

50

100

150

200

250

Horizontal Position (cm)

Figure 1. Mae Chan Thai River Section Profile
The area under the above curve will give the overall river section profile. To find the
speed of the river, a partially filled water bottle was used as a floatation device and the time was
measured that the water bottle took to move over a predetermined distance at the section profile
location. Based on this method, below gives the average flow rate of the river during the
December assessment trip:
(1)
This method assumes that the speed of the water bottle corresponds well to the average speed
of the entire river profile. This assumption does not take into account the true velocity profile
and a correction factor should be added when the EWB team finalizes their design. Additionally,
a series of data points taken at one point in time does not accurately describe the conditions of
the river throughout the entire year. Weather conditions in northern Thailand are typically split
between the dry season and the monsoon season, leading to drastically different levels water fall.
Ideally, flow measurements would be collected throughout an entire year and critical levels
would be collected over an even longer period of time to understand the limits that would be
placed on a hydroelectric system. The above values were collected during the middle of the dry
season, representing the potential lowest flow rates when compared to the rest of the year.
However, more information is needed to confirm these results.
For additional details on the EWB December 2012 assessment trip, contact the EWB
Thailand Cal Poly team at ewbthailand@gmail.com for reference to the EWB Post Assessment
report.
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3. DESIGN DEVELOPMENT
3.1. Concept Selection
The micro-hydropower system will consist of a settling tank, penstock, power house,
power transmission lines, and return piping (see Figure 2). Water will be piped from the river
into the settling tank, the purpose of which is to accumulate water to better control the flow of
water into the penstock and to filter out sediment and debris that could clog the penstock and
damage the turbine. Filtration procedures must also be assessed, such as settling tanks or screens,
to eliminate the possibility of sediment in the flow and pipe blockages. The penstock is the
piping that will transport the water to the power house. The elevation change from the settling
tank to the power house will provide the necessary pressure head required to power the turbine.
The power house will contain the turbine and generator. Water from the penstock will be sent
through high-pressure nozzles to create water jets that will impact the buckets of the turbine
wheel and spin the generator shaft to produce power. To produce a steady current, accounting for
changes in the rotational speed of the shaft, an AC generator will be used. The power from the
generator will be rectified into DC current to charge up a set of batteries which store the
electrical energy, the inverted back to AC current, and stepped up with a transformer for
transport to the village and individual houses, at which point it will be stepped back down again
to 220-V, 50 Hz, for normal household power consumption. Finally, the water used at the power
house will be piped back to the river. A depiction of this system can be seen in Figure 2 below.

Figure 2. 3-D model of Hydropower System
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Based on the current conditions of low flow rate and high head, the Pelton wheel has been
identified as the top choice for the design because it is designed for low flow and high head
systems and operates at a high efficiency at these conditions. The Cross Flow turbine is also a
viable choice, because of its simple design and flat efficiency curve under varying flow rates, but
it is not suitable for the flow rate and head that we have available. The Turgo Turbine is
essentially one half of a Pelton wheel, with single buckets as opposed to the double buckets on
the Pelton wheel, but is not as readily available for purchase as the Pelton.
The village of Mae Chan Thai has 34 homes, with three light bulbs per home, two
televisions, and one refrigerator, an estimated maximum load of 2.1 kW has been determined. To
determine the maximum power that can be delivered by the river, Bernoulli’s equation was used
to calculate the available energy head in the fluid, which will be converted to electrical energy.
The power output of a single fluid jet to the turbine wheel depends on the water flow rate
discharged from a nozzle and the elevation change from the settling tank to the power house. The
elevation head, (hydrostatic) pressure head, and velocity head are each determined through use
of Bernoulli’s equation (see Equation 2).

(2)
Bernoulli’s equation governs inviscid, incompressible, steady fluid flow along a
streamline. Since each of these preconditions is ideal, Bernoulli’s equation is used to make
preliminary estimates and to determine the upper limit (i.e. best-case scenario) of the available
elevation, pressure, and velocity heads. Each of the terms is a unit of length that can be
associated with a specific form of energy contained within the flow. For instance, the hydrostatic
pressure head represents the potential energy contained within a column of fluid of an equivalent
height and the velocity and elevation heads represent deviations from the total energy grade line
obtained from input of water into the system to output. The sum of these terms equals the total
energy loss of the system due to factors such as friction within the pipe and impact at pipe
fittings that cause changes in the direction of flow.
Based on the results of the Thailand team’s assessment trip, a river flow rate of 875 gpm
and 84.3 ft of available head was determined. However, not all of the flow can be removed from
the river. Referencing Allen Inverson’s Micro Hydro-Power sourcebook: A Practical Guide to
Design and Implementation, it is only realistic to divert a maximum of 20% of the flow of the
river. Based on a 20% diversion of flow, the available flow rate for our hydroelectric system is
175gpm, at 84.3 feet of head. With these parameters, available fluid power is 2.8 kW. See
“Appendix E. Mae Chan Thai Demand”.
However, this is an idealized number because pressure losses in the pipe, efficiency of
the turbine, bearings, and coupling, and generator system are not taken into account.
Additionally, losses through energy distribution must be considered. These calculations are
further described in “Appendix G. Fluid Analysis-Mae Chan Thai”.
In addition to those above, a number of the other critical design considerations fall under the
generation and transmission of electricity to partnering communities. There are many aspects of
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the electrical grid present in the United States that are taken for granted and will have to be
accounted for and some of these include stable output, transmission losses, system drain, system
overload, and simply maintaining a system of the greatest simplicity and durability. Typically, a
DC system is ideal in maintaining a simplistic approach to generation and transmission. The
process is simple to understand, often safer than an AC system, and has the ability to charge a
battery for an additional stored capacity. However, there are a number of major fallbacks to
implementing a DC system that AC can potentially overcome. At this point in time DC
generators are typically large and rather expensive. Implementing an unnecessarily bulky system
can be difficult to maintain and replace and should be avoided if possible. Less expensive and
smaller AC generators with the same capabilities are more readily available. AC motors have
their own setbacks to overcome and these will be taken into consideration as well. Since
technologies are currently limited in stepping DC voltage, finding methods to reduce the losses
in a DC transmission system are greatly limited. AC systems currently have the technology
readily available to step up voltage to a level capable of transmitting electricity over the required
distance and subsequently step the voltage back to a level in accordance with electrical
appliances. In Thailand, the standard power output matches with 220-240 volts and 50 Hz, so
this must also be taken into account when designing a system. Since standard appliances utilize
an AC system, utilizing an AC power generation system becomes even more important.
Ultimately, the senior project team has selected a design that incorporates both DC and AC
components to both utilize the positive aspects and avoid the negative aspects associated with
each type of process. Below, Figure 3 depicts a simplified layout of how this electrical system
will be constructed.

Figure 3. Electrical Generation and Transmission Diagram
In dealing with generation, utilizing an AC output will be very beneficial for finding the
hardware in country at a relatively inexpensive price and at a size and weight that is easy to
transport. Directly after producing AC power, the current will pass through a rectifier to alter the
current to DC. This conversion is important for a number of reasons. First, converting to a DC
system will minimalize the importance to maintain a constant rpm in the turbine. If the whole
system utilized AC, then the turbine rotation would need to remain at 50 Hz to match the end use
appliances, but now the system will be converted to a constant voltage and amp output and rate
of rotation can vary slightly without adversely affecting the frequency. The issue of stiffness in
the system still needs to be considered but ideally, the constant head and flow rate in the
penstock will adjust for any potential surges. While in DC, a battery can also be connected for
the added storage potential. The system can be assembled in a way where current will first flow
to the village and will only transfer to the battery if there is any excess energy available. Once
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the battery is fully charged, a controller will cut off any additional flow to the battery and excess
energy will then be sent to resistors or heating coils to heat water. If there is ever a point in time
where community load is greater than what is available from the turbine, additional power will
then be pulled from the charged battery. Directly after the rectifier and battery, the DC lines will
then be inverted back to AC and stepped up to a voltage suitable for transmission. AC inverters
and transformers are durable pieces of equipment and should be able to last for many years in the
field before maintenance is required. Once reaching the village, the voltage is then stepped down
to 220-240 V for residential application.
Collaboration with the team electrical engineers will be essential in determining the best
way to convert the mechanical energy obtained into a consistent form of electricity. Electrical
engineering students, Ian Verstuyft and Chris Neally, will oversee the process of power
generation, conversion between single phase DC and three phase AC power, running
transmission lines and sizing the needed electric cables, as well as transforming the power to
usable household levels. Finally, the whole team will need to develop a maintenance plan that
the local community can follow to maintain and repair the system. This will include a system
safety assessment. System shutdown controls and structural design measures might need to be
implemented to handle failures in the case of flooding, burst pipes, electric problems, or
improper use. This may include developing instruction manuals and warning labels, for which a
translator may need to be consulted. A larger goal for the project is to physically implement the
final design in Mai Chain Thai. If this is realized, the team and other volunteers would be able to
demonstrate use and maintenance of the system, which would be ideal. A preliminary flowchart
mapping the development of this initial process taken during first quarter of senior project is laid
out in Figure 4.

Figure 4. Project Planning Chart, Fall Quarter
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Additional information on the timing of different aspects of this senior project can be found
in the Project Management section, where the timeline of major milestones and a procedural
Gantt chart are presented to further qualify the tasks requiring completion.
3.2. Supporting Preliminary Analysis
Pump, Piping, and Turbine Sizing Section
When designing a scaled model of a hydroelectric system in a laboratory setting, every
component of the real world system must be taken into account. For mechanical analysis, this
includes the flow characteristics through the piping network, the pressure buildup over a given
elevation change, the fluid jet and turbine interaction, and the design of housing unit to contain
the turbine system. Many of these components can be built identically in the lab to the system in
the field. However, an elevation change of roughly 80 feet from a consistently flowing river is
not feasible for the resources available in San Luis Obispo and at Cal Poly. To account for this,
the senior project team instead simulated the real world characteristics through the use of a
properly sized pump. This pump is required to provide the same pressure buildup that 80 feet of
elevation would provide and produce a flow rate comparable to what the Mae Chan Thai river
could provide.
To properly size the pump for the fluids lab, the Mae Chan Thai piping network and
turbine system must first be fully designed. The process the senior project team took to coming
to this design began with using the extended Bernoulli’s equation to find the final velocity hitting
the turbine. The extended Bernoulli’s equation takes into account head values in correspondence
to elevation change, fluid velocity, fluid pressure, and system losses.

Figure 5. Settling tank, piping, and nozzles
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The above figure shows the generic layout of what the Mae Chan Thai system will look
like, from a fluid mechanics analysis perspective. In analyzing this system, the final velocity
hitting the turbine can be solved for when all other parameters are known. With the information
provided by the EWB assessment team for flow rate and elevation change and incorporating the
losses associated with piping and fitting frictional losses, a velocity of 19.32 m/s (63.39 ft/s) was
calculated to be hitting the turbine. With this information in mind, the flow being pulled from the
river can be controlled by sizing the cross sectional area of the water jet leaving the nozzles and
subsequently hitting the turbine. By making this cross sectional area large enough to utilize the
total available flow from the source, the system can ultimately be optimized for maximum
energy output. Based on an available flow of 0.011 cubic meters per second (174.35 gpm), the
senior project team found the exit cross sectional area to be 0.00057 meters squared (0.0061 sq.
ft.) to meet utilize the full available flow. The detailed calculations for all of the Mae Chan Thai
fluid analysis can be found in Appendices G and H.
After completing the fluid analysis through the piping and the nozzles, a turbine can be
properly sized to meet the system requirements. As previously mentioned, the use of a Pelton
wheel is suitable in this high pressure environment. The major design specification necessary for
consideration when optimizing for the highest efficiency of a Pelton wheel is based on the jet
diameter as it makes contact with the turbine. Because the Pelton wheel is a well-established
technology, testing has already been completed towards optimizing the turbine cup dimensions
and what is required to match a system. Based on this testing, a water jet diameter of 28% the
cup diameter is required for highest efficiency. This relationship can be seen below in Figure 6.

Figure 6. Turbine Sizing Diagram
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If one nozzle were to be used, the nozzle would have an outlet diameter of 2.69 cm (1.06
inches) and the Pelton wheel would require a cup diameter of 9.61 cm (3.78 inches). However,
by simply splitting the flow into multiple nozzles, the necessary size of the turbine can be greatly
reduced, reducing cost and loads on the system. Typically in turbine system design, the Pelton
wheel would be designed based entirely on the outlet cross sectional area of the nozzle.
However, in the case of this senior project, a turbine was selected through an external vendor that
had already been designed and manufactured within the range of a typical micro hydro system.
This Pelton wheel came with an appropriately sized generator and was well within the available
budget requirements, so the senior project team decided to use this available combination and
select the appropriate number of nozzles to optimize the efficiency of the turbine energy output.
With a cup diameter of 1.46 inches, the jet diameter would require a diameter of roughly 0.41
inches to run at highest performance. To accomplish this, the Mae Chan Thai system would
require 7 nozzles simultaneously expelling water jets towards the turbine wheel. This
relationship between number of nozzles and resulting nozzle diameter can be found below in
Figure 7.

Effect of Nozzle Number on Nozzle Diameter
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Figure 7. Effect of Nozzle Number
As seen above, the senior project team decided to use 4 nozzles and assume that the
performance would still remain relatively high enough for the purpose of this application. The
actual turbine efficiency will be calculated upon completion of construction and this initial
assumption would then be verified. The purpose of limiting to 4 nozzles is due primarily to ease
of construction but also incorporates the importance of a well-balanced system. 4 nozzles aligned
at 90 degree angles will produce balanced loads on the bearings and housing unit.
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With the nozzles, turbine, and generator sized and selected for the Mae Chan Thai
system, these same components can now be incorporated into the Cal Poly fluid mechanics lab
simulation. By maintaining consistency in these three parameters, a new fluid mechanics analysis
can be completed for the fluids lab application to completely mimic the real world application. In
this fluid mechanics analysis, a new elevation difference, velocity, pressure, and frictional loss
values will all be taken in account and a pump will be sized to alter the system parameters of the
fluids lab in a way that will match the parameters of the Mae Chan Thai System. These
calculations for the fluids lab can be found in “Appendix H: Fluid Analysis-Fluids Lab”. A
system curve is developed that will determine the relationship between the system head value
versus flow rate, and the head and the flow rate that the pump will operate at. Pump curves are
based entirely on the performance of the specific pump being examined. With this information, a
pump with a specific pump curve will be chosen to provide the as close to 80 feet of head and
170 gpm flow as the senior project team’s budget allowed. The system and pump curve
relationships for the fluids lab is shown below in Figure 8 and Figure 9.
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Figure 8. Pump and System Performance Curves (metric units)
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Performance Pump Curves
Model 3656, RPM 3500, Size 1 1/2x2-6
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Figure 9. Pump and System Performance Curves (imperial units)
An appropriate pump impeller size is selected to fit the requirements based on the
relationship between head and flow rate on the system curve. In addition to the flow and head
requirements for the system, cost of the pump was a major limiting factor to pump selection.
Ideally, the pump would meet the required 80 feet of head and 170 gpm of flow that Mae Chan
Thai has to provide. However, the cost of this pump was outside the available budget for the
project. Elevation change is a fixed parameter, based on the geography of the region; therefore
changing this parameter would be detrimental to proper simulation the Mae Chan Thai system.
The last option for adjustment is the flow in the system. This parameter does have the potential
for variation because the original set point was never permanently fixed.
The flow rate of the Mae Chan Thai river, as measured in December, was 0.055 cubic
meters per second (871 gpm). This value varies throughout the year and the final flow baseline
can be fairly different. In addition, the percentage of diversion the senior project team assumed
the turbine system would pull from the river was 20%. This value was based on a
recommendation found in one micro hydro resource for maximum diversion and is not a fixed
value. With this in mind, instead of purchasing a pump that simulates pulling 20% of the flow
from the river, the senior project team could purchase a less expensive pump that simulates a
lower draw value. From what the senior project team was able to budget, a pump was selected
that would simulate a draw of 16.7% at 145 gpm from the Mae Chan Thai river. Given the
variation allowable for flow, 16.7% will simulate the real world system very accurately.
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Plate Stress Analysis Section
In the Fluids lab, as well as in the village, stresses are placed on different components of
the hydro system that require inspection. Components such as the thickness of the turbine
housing and the foundations for the pump and generator in the Fluids Lab setting all have
stresses placed upon them that will determine the minimum material thicknesses. In reality, all
components used were chosen to be well beyond the minimum thicknesses calculated in
“Appendix I: Plate Bending Analysis”. Conservative design solidified any uncertainty and took
into account other potential setbacks such as deflection and fatigue.

Turbine Shaft Sizing Section
One of the initial goals of this project was to design a system that could be built and
maintained in a developing community setting. This would require an overly designed, robust
system with parts assembled from what is readily available to the partnering community.
Utilizing processes such as machining and welding were initially discouraged because of the
inability for a developing community to replace the necessary parts if a failure were to occur.
This mentality was maintained throughout the design process and all design choices were made
with this in mind. However, the senior project team realized through the process that in a
complex system, such as this power production facility, there is a trade-off between minimizing
the number of components used in a design to decrease chance for failure and utilizing readily
available parts. There are times when machining a custom build piece can replace the need for
multiple, less reliable components. This is the case for the design of the turbine shaft. By over
designing the shaft so that it will be one of the most robust components of the system, machining
to size for attachment to the turbine, ball bearings and coupling becomes a major benefit.
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Figure 10. Drawing of turbine shaft sizing
The above figure depicts a basic sketch of how the shaft will be designed to meet the
specifications of the turbine and housing, keeping in mind ease of construction, maintenance, and
durability. At points A and C in Figure 10, the shaft is stepped down in size. This detail is
important for fixing the turbine inside the housing unit. The ball bearings that slide over points A
and C do not support any axial load or movement, so creating an extra surface for axial support
is required. At point B, there is a slight step in shaft diameter to be capable of press fitting the
turbine support of outside diameter at 1.75 inches. Press fitting this piece will reduce on cost of
the shaft and will maintain the appropriate levels of durability for the torque that will be placed
on the system. For material selection, a non-corrosive metal is ideal in this application. Ideally,
an easily machine-able, durable, and non-corrosive aluminum will provide all of the necessary
attributes for this liquid environment. Additionally, the selected turbine is already made out of
aluminum so any joined components will avoid corrosive tendencies. In the case of any
aluminum components, anodizing the surface might be worthwhile for avoiding any potential for
corrosion in the future.
A number of steps were taken analyzing the sizing of the shaft. First, values were
calculated for water jets creating a force on the turbine cups. Worst case theoretical values were
utilized for all situations when analyzing these forces. These worst case scenarios include
analyzing the system as a static system, therefore not taking into account momentum in most
situations, with all momentum being transferred from the fluid to the turbine. Additionally, for
moment and shear forces caused by the water jets, only two jets at 90 degrees from one another
were assumed to be in use. If all four jets are in use with equal forces being exerted, the forces
caused by these jets would cancel in their respective directions. Therefore, only two jets were
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assumed to be in use, while torque calculations were still made with all four jets in use. From
these assumptions, torque, shear, and moment profiles were created for the entire length of the
shaft.
Once these profiles are created, critical points throughout the shaft can be analyzed in
further detail. The critical points were primarily at points A, B, and C, where torque, shear, and
moment are primarily the greatest and the potential for stress concentrations are taking place.
Point C is of greater concern than A only because a torque is in place on the beam that in
combined loading will cause additional internal stresses. With the manufacturer provided
endurance limit known, the endurance limits at the critical locations can then be calculated.
Many factors are taken into account in these new endurance limits, such as surface condition of
the piece, size properties, load modification, temperature modification, reliability factor, and
other miscellaneous effects. The endurance limit can become significantly lower when taking
into account all of these system specifications so alterations must be prepared for. Once the
moment, torque, and endurance limit are calculated at the critical points, the minimum shaft
diameter can be determined using failure methods such the Modified Goodman Criterion. An
assumption was made that shear does not play a critical role in the stresses within the shaft and
can therefore be disregarded for shaft sizing.
Through the use of the Modified Goodman Criterion, and an initial safety factor of 2.0
was used to find an adjoining minimum diameter. From this, a minimum shaft diameter of 0.324
inches was calculated for point B. This diameter of 0.324 inches is a very conservative value and
still remains within the design requirements for the shaft. In addition to the other mentioned
conservative assumptions made, most sources suggest a minimum safety factor of 1.5. Once this
initial calculation was made, secondary calculations were made based on desired shaft diameters
at the different critical points. Even though a diameter of 0.324 inches is suitable for point B,
larger shaft diameters will be utilized throughout the shaft for specific purposes. For point B
using a shaft diameter of 0.786 inches, the safety factor ultimately resulting in a value of 10.6,
which is well beyond the required safety factor. For details on all shaft sizing calculations, refer
to “Appendix J: Shaft Design Analysis”. In addition, Table 4 below summarizes different critical
points with their critical information.
Table 4. Turbine Shaft Critical Point Analysis
Parameters
Shearing Load
Moment Load
Torsional Load
Endurance Limit
Minimum shaft
size (SF:2.0)
Selected shaft size
Factor of safety

Units
lbf
ft lbf
ft lbf
psi

Point B
206
19.37
68
16612

Point C
108
0.833
68
17024

inches
inches
~

0.451
0.786
10.6

0.376
0.625
9.2
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Shaft Deflection and Bearing Specification
Another critical area of design focuses on bearing sizing and limitations. As seen below
in Table 5, there are typical ranges for shaft bending that a set of bearings can operate within. If
any greater, the misalignment could ultimately cause failure. The operation used on Shaft
deflection can be found in detail in “Shigley’s Mechanical Engineering Design” and the final
equations representing vertical deflection can be found below in Equations 3 and 4 and slope can
be found in Equation 5. A range of values over each 0.1 inch of the designed shaft where taken
based on the derived vertical deflection equation and this trend can be found below in Figure 11.
The raw data for this table can be found in “Appendix K : Shaft Deflection Analysis”
From this analysis, the max deflection in the shaft was found to be 0.00227 inches at
“Point B” where the turbine would be positioned and the max shaft deflection slope would take
place at the bearings at a value of 0.00213 radians. This deflection slope value is well below the
recommended max values described in Shigley’s for spherical ball bearings, the type to be used
in the turbine application. Additionally, the selected bearings will be capable of handling the
radial loads previously calculated in the initial shaft design.
for 0<x<2.5 in

(3)
for 2.5<x<5 in (4)
for 0<x<5 in (5)

Vertical Deflection between
Shaft Bearings

Vertical displacement (inches)

0.00050
0.00000
0

0.4

0.8

1.2

1.6

2

2.4

2.8

3.2
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-0.00100
-0.00150
-0.00200
-0.00250

Distance along shaft (inches)

Figure 11: Vertical Deflection of Shaft
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Table 5. Maximum Bearing Slopes
Typical Maximum Ranges for Slopes
Tapered roller
0.0005-0.0012 rad
Cylindrical roller
0.0008-0.0012 rad
Deep-grooved ball
0.001-0.003 rad
Spherical ball
0.026-0.052 rad
Self-align ball
0.026-0.052 rad
Uncrowned spur gear
<0.0005 rad
Shaft Max Deflection: 0.00227 inches
Shaft Max Slope: 0.00213 radians
3.3. Proof of Concept Analysis/Testing
Test Descriptions
Two key parameters must be measured in this project: output power and efficiency. To
pinpoint where inefficiencies are occurring, it is important to calculate the power transfers that
occur in each step of the power generation process. In particular, power is transmitted from the
water contained in the sump via a centrifugal pump to transport water through the piping system.
Power is lost in transporting this water due to friction in the pipe and major losses at pipe
fittings. The water flow exits at four nozzles as jets that impact the Pelton wheel to turn the
turbine shaft. Power will be lost in this process as well due to imprecise balance of the Pelton
wheel on the turbine shaft, friction between the shaft and bearings, and imprecise alignment of
the turbine shaft through these bearings. Finally, the turbine shaft will be coupled to the
generator in the final process to produce electrical power. Power lost in this process will be due
to losses at the flexible coupling between the turbine shaft and generator shaft, back emf in the
windings, and losses due to heat generated. Each of these losses can be accounted for sufficiently
by measuring the power input and output of each process.
Pump Efficiency
Power input to the pump can be calculated by measuring the current and voltage drawn to
run the impeller. These can be measured using a digital multimeter. The power of the water
exiting the pump can be calculated by measuring the hydrostatic pressure and flow rate of the
water entering the piping system. A pressure gauge could be purchased for measuring the
pressure. Since no water is stored or diverted elsewhere between the inlet to the piping system
and the outlets at the nozzles, continuity requires that the flow rate at the inlet to the piping
system be the same as that to the piping outlet. Consequently, a flow meter can be avoided by
measuring the flow returning to the sump through the weir in the white tank. For a V-notch weir,
the flow rate of water over the weir is related to the height of the water above the notch by the
following equation:

Q  1.4h 5 2

(6)
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Where h is measured as shown in Figure 11.

Figure 12. Equation for the flow rate exiting a Triangular (V-notch) Weir gate.
(Adapted from Micro-Hydropower Sourcebook: A Practical Guide to Design and
Implementation in Developing Countries, by Allen R. Inversin (1986), p. 17.)
The equations for calculating the power input to the pump, power output to the water flow, and
pump efficiency, respectively, are as follows:
Pin, pump  IV

(7)

Pin, pump  pQ

(8)

 pump 

Pin, pump
Pout, pump



IV
pQ

(9)

where I is the current drawn by the pump, V is the voltage drawn by the pump, p is the pressure
of the flow exiting the pump, and Q is the flow rate of the flow exiting the pump.
Piping Efficiency
The efficiency of the piping system in transporting water to the nozzles can be calculated
empirically by measuring the pressure of the streams exiting the nozzles. A single pressure gauge
before the nozzles can be used for this purpose. Since the flow rate at the inlet to the piping
system is the same as that exiting the nozzles, the efficiency of the piping can be calculated
simply as a ratio of pressure. Specifically,
p pump
P
 piping  out,nozzles 
(10)
Pout, pump
p nozzles
where Pout,nozzles is the power of the flow at the nozzles, Pout,pump is the power of the flow exiting
the pump, ppump is the pressure of the flow at the pump, pnozzles is the pressure of the flow at the
nozzles, and flow rate has been cancelled out of the equation. The empirically measured
efficiency can be compared against theory. The energy losses due to pipe fittings are accounted
for in energy loss coefficients that can be incorporated to an energy balance equation to
determine the theoretical maximum efficiency of the piping system.
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Turbine Efficiency
The turbine efficiency can be measured by calculating the power output of the turbine shaft
and dividing this by the power input from the nozzles jet streams. The power output of the
turbine shaft can be calculated by measuring its rotational speed and stalling torque. The stall
torque can be measured using a de Prony brake (see Figure 13). The configuration in Figure
13(b) could be used with a load cell so that data could be acquired and recorded electronically.
The rotational speed of the shaft can be measured using a Hall Effect sensor (see figure 14). The
output of the Hall IC can be connected to an oscilloscope, and the frequency of its signal be
measured to determine the rotational speed of the turbine shaft. A handheld tachometer might be
a more feasible design to use in the field, however this does not permit electronic data
acquisition. Thus, the a Hall effect sensor might just be used in the lab for accuracy and ease of
measurement and a tachometer used in the field.

(a)

(b)

Figure 13. Diagram of de Prony Brake
(a) Torque arm and brake block de Prony brake configuration. A hub or pulley of known diameter (O) is attached to
shaft of the rotating element and placed between brake blocks. The blocks are initially tightened just to the point
where the hub can rotate freely without oscillation. A lever arm attached to the top brake block (A) is loaded with
weights (W) until the hub and shaft stop spinning. From this, the stall torque on the shaft can be calculated as T =
WL. (b) Pulley and tension spring de Prony brake configuration. A hub or pulley of known diameter (D) is attached
to the shaft of the rotating element. A belt is wrapped around the pulley and attached to two springs (A and B)
attached to a fixed support. The user tightens the belt around the pulley until it stops spinning. The force required to
stop the pulley can be measured as the difference in elongations in the springs by Hooke’s Law and the torque by
multiplying this quantity by the radius of the pulley. That is, T = (kΔx)r.
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Figure 14. A Hall Effect sensor IC.
A Hall Effect sensor operates on the principal of Faraday’s Law of Electromagnetic Induction, which states that an
electromotive force (emf or voltage) is induced within a closed circuit when a magnetic field surrounding it changes
with time. A Hall Effect sensor is powered with a current from a current source. If a magnet is placed on the rotating
shaft of the turbine, the Hall IC will sense a change in the magnetic field around it, and output a voltage. The
frequency of the signal is equal to the rate of rotation of the magnet.

The efficiency of the turbine is thus given by

 turbine 

T
pQ

(11)

The efficiency of the turbine can also be compared against theory using fluid mechanics. In this
way, the deviation of the system from maximum efficiency can be determined.
Generator Efficiency
The efficiency of the generator can be determined by measuring the voltage and current
output of the generator. Since the generator is three-phase, the voltage and current measured
would be rms values. Dividing this by the power input from the turbine shaft would yield the
efficiency of the generator. Thus, the efficiency of the generator is given by
IV
 generator 
(12)
T
Equipment List
(1) Digital multimeter
(2) Pressure gauges
(1) Flow meter
(1) Weir gate
(1) de Prony brake
(1) Load cell
(1) Hall Effect IC
(1) Magnet
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4. DESCRIPTION OF FINAL DESIGN
4.1. Overall Description
To model the system in Mae Chan Thai, the Senior Project team is constructing its Final
Design in the Fluids Lab at Cal Poly. The mechanical system will consist of a pump to simulate
the flow rate and head of the river, piping and fittings to transport the water and simulate the
losses in the system, and a Pelton wheel turbine and turbine housing to convert fluid energy to
mechanical power. The electrical side of the system will include a generator to convert
mechanical power in electrical power, a rectifier to convert AC to DC, a charge controller to
regulate the flow of current, batteries to store energy, an inverter to convert DC back to AC, a
transformer to step up the voltage, and transmission lines to transmit electricity to the load. The
system at Cal Poly is intended to model the Mae Chan Thai system as closely as possible, and
serve as a teaching model for the EWB hydropower team, giving them the opportunity to become
familiar with a working system and all of its components before they implement it.

Figure 15. System Layout

4.2. Detailed Design Description
Turbine Shaft
The Pelton wheel turbine will be supported by a stainless steel stepped shaft. Because it
will be constantly submerged in water, the shaft material needs to be corrosion resistant. The
shaft may also see many load cycles and fatigue was considered during design. Stainless steel
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was chosen instead of aluminum because it has a minimum endurance limit, whereas the
endurance limit for aluminum continuously decreases. A Solidworks model of the final shaft
design is shown in Figure 16 below.

Figure 16. Turbine Shaft
In Figure 16 above, the far end of the shaft with a 0.75 inch diameter sits in a double
sealed ball bearing which is press fit into the front plate of the turbine housing. The Pelton wheel
is mounted on the 1 inch diameter section of the shaft, and is bolted to an aluminum circular
plate which is press fit onto the 1 inch section. As the shaft goes through the back plate of the
turbine housing, it is supported by another double sealed ball bearing (the second 0.75 inch
section). The near end of the shaft sits outside of the turbine housing and is coupled to the
generator shaft via a flexible coupling. The flexible coupling is attached to the shaft with a key
that fits into the .23inch by .23 inch shaft keyway.
Turbine Housing
To support the turbine shaft, provide a mounting point for the nozzles, and prevent water
from splashing on the generator, a housing unit was designed for the Pelton wheel. Aluminum
was chosen as the housing material because it is lightweight, does not rust, and offers good
strength. Stainless steel was also considered as a material, but it is difficult to machine and
heavier than aluminum. To construct the housing unit, an aluminum U-Channel will be bolted to
two aluminum plates to create a rectangular box. The bottom of the housing will remain open so
the water can discharge into the tank below. The rectangular shape provides a strong, stiff
structure to support the turbine shaft and easy mounting points for the nozzles. The dimensions
of the box (12”x12”x5.5”) are determined based on the size of the Pelton wheel, to avoid water
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from splashing back on the wheel, and to provide the optimal distance of the nozzles from the
center of the wheel. A Solidworks model of the housing unit is shown below:

Figure 17. Turbine and Generator Housing
To mount the nozzles on the housing, metal pipe will be threaded into the housing, and
the nozzles will be connected to the metal pipe. On the opposite side, hoses will bring the water
in from the pump and be connected to the metal pipe via a nipple fitting. The metal pipe will
provide a rigid connection point that will keep the hoses and nozzles from deflecting due to the
water pressure. To assure that the aluminum structure and threads would be able to take the load,
analysis was conducted to find the pressure at the nozzles, and a nozzle pressure of 101.325 kPa
(45.49 psi) was determined. See “Appendix H: Fluids Analysis-Fluid’s Lab” for calculations.
Design considerations for the housing were also made for operability and maintenance of
the turbine. A viewport will be installed to allow for visual inspection of the turbine and shaft,
and the decision was made to bolt instead of weld all panels to the U-Channel. With the front and
side panels are bolted to the U-Channel, the housing can easily be opened and the shaft and
turbine can be removed for maintenance and cleaning.
Generator Housing
A housing unit will also be constructed to mount the generator. The function of the
generator housing will be to support the generator as it rotates from to the torque applied through
the turbine shaft. An aluminum U-channel will be used for the housing unit because of its
stiffness and strength, and the generator will be mounted via a bolt circle on the shaft side of the
generator. Bending moment analysis was conducted to determine the loads on the generator
housing, and calculations can be found in “Appendix H: Fluids Analysis-Fluid’s Lab”.
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Overall System Design
The turbine and generator system will be mounted to an aluminum plate which is
clamped to two L-braces above the tank in the Fluids Lab. The tank drains into the underground
sump which recirculates the water back through the pump. A solid model of the entire system is
shown in Figures 18 and 19 below.

Figure 18: Final Design, Tank View

Figure 19: Final Design, Mechanical Systems
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4.3. Analysis Results
Test Procedure and Results
Turbine torque and power testing completed with both three and four nozzles, and it was
found that three nozzles provided maximum power. Since sufficient power was not able to be
produced with four 0.5” diameter nozzles, three were used instead to increase the pressure of the
flow to the runner and used in the subsequent tests. As a first test, the water power available to
the nozzles was calculated by measuring the pressure at the inlet to the nozzle hoses and the flow
rate of the water out of the 60° V-notch weir. The flow rate was calculated by measuring the
height of water above the V-notch.
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Figure 20. Water power available to nozzles as a function of flow rate.

Water Power to Nozzles, P (hp)

Water Power to Nozzles, P (W)

After the pump was turned on, the ball valve to the nozzle hoses was opened all the way
and the tank allowed to fill up to the notch. The pump was then turned off and a lory hook was
calibrated to read zero at the bottom of the v-notch. The pump was then turned on again, and the
ball valve opened until a pressure of around 5 psi was measured at the inlet to the nozzle hoses.
After the system had been given time to reach steady state, the height of the fluid above the vnotch was measured and recorded. These steps were repeated for 5 psi increments to the nozzle
hoses until the ball valve was fully opened. The results of this experiment are shown in Figure
20. The turbine shaft speed was also measured at each of these flow rates using the digital photo
tachometer and plotted in Figure 21.

No-Load Turbine Shaft Speed, ωnoload (rpm)
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Figure 21. Turbine shaft speed versus volumetric flow rate for 3 0.5"-diameter nozzles.
Next, the power output of the turbine shaft at maximum water flow rate was measured
using the de Prony brake. Once the system flow rate had been allowed to reach steady state, the
steel cable of the brake was connected to both digital scales and the forces in the cable on both
sides of the pulley were measured. The turn buckle was turned such that the load applied to the
tension side of the pulley increased in 5-lb increments from no load to stopping torque,
completely stopping the turbine (see Figure 22 and Figure 23). Lastly, the efficiencies of each
component was measured (see Table 6).
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Figure 22. Turbine torque-power curve for three 0.5-in diameter nozzles and maximum available
flow rate of 74 US gpm.
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Figure 23. Turbine torque-power curve for three 12.7-mm diameter nozzles and maximum
available flow rate of 4.65·10-3 m3/s
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Table 6. Component and total system efficiencies.
Efficiency Parameter

Value
0.857

ηpenstock
ηturbine
ηgenerator
η

0.632
0.681
0.369

The system was intended to output a power of approximately 580 W out of the turbine
shaft, while it was only able to output a maximum of 367 W. Thus, from the pump to the turbine,
the system is 63.2% efficient. If the power output from the generator is considered, this
represents a total efficiency of 36.9%. The greatest losses, therefore, occur in the transfer of
power from the nozzle jets to the runner itself. One cause of this might be that there are
significant pressure losses within the four-way splitter and nozzle hoses themselves such that the
actual pressure of the water before the nozzles was not accurately measured. In addition, the
turbine housing was probably too small for the amount of flow being used. Water rebounding off
the turbine housing ad impeding the motion of the runner would cause an increased loss of water
power. One solution to this problem would be mounting the runner horizontally so that water
hitting the turbine would reflect off the sides directly into the water tank. Mounting concerns
arise in this scenario, however, as the runner must be overhung and supported from one side only
in order to allow water to exit the housing.
4.4. Cost Analysis
Within the Mechanical Engineering department at Cal Poly, the large majority of senior
projects are funded by the company who initially proposed the project. Because the micro hydro
project is a student proposed effort, all funding required outside contribution from atypical
sources. Fortunately, all outstanding purchases for this project were accounted for through the
contributions of a number of collaborating parties.
Table 7. Fluids Lab System Funding Sources
Financial Source

Item

Cost

Description

Boeing

Grant

$5,000.00

Educational Project
Grant via CP Connect

EE department

Donation

$400.00

Donation specific to EE
Senior Project ($200
per EE student)

Cal Poly EWB
Thailand Team

Donation

$252.56

Donation via CE/ENVE
student fee initiative

Helical Products
Company, Inc.

Flexible
Coupling

n/a

Material Donation

Schneider
Electric

Charge
Controller

n/a

Material Donation

Total:

$5,652.56
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As seen in Table 7, this project was made possible through the contributions made by
Boeing, the Electrical Engineering Department, the Thailand Engineers Without Borders team,
Helical Products Company, and Schneider Electric. For information on how the distribution of
these sources of funding were distributes, see Table 8. For more detailed information on
material purchasing, all funding submissions are included in “Appendix L: List of Purchases”.
Table 8. Fluids Lab System Cost Analysis
System
Category

Item

General
Material

Piping Network

Turbine/
Mechanical
System

Test Equipment

Generator/
Electrical
System

Cost

Description

Hydropower
Sourcebook

$39.00

Poster

$11.00

Material related to
research and
presentation

$2,539.00
$289.00

Components related
to dam/penstock
simulation

Centrifugal Pump
Piping/Fittings
Piping Support

$92.47

Pelton Water
Wheel
Turbine Housing

$60.00
$188.53

Turbine Housing
Support
Shaft

$212.08
$79.04

Flexible Coupling

donated

Sealant
Pressure Gauges
Prony Break
Assembly

$27.60
$16.00
$343.57

Electrical Power
Output Displays
Generator

$259.39
$149.00

Generator
Housing
Rectifier
Battery Bank

$86.18
$35.00
$816.92

Charge Controller
Diversion Load
Inverter
Transformer

donated
$102.00
$108.00
$75.69

Cable/Other

$123.09

Total:

All components
related to turbine
construction

Measure power
output throughout
system

All components
following electrical
flow; from generator
to electrical output

$5,652.56
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5. DESIGN VERIFICATION PLAN
Power output and system efficiency are the two key criteria that must be measured for the
validation of this project. Since the appliances the villagers of Mae Chan Thai will be able to run
depend directly on the power the system is able to produce, this is the most important variable to
measure. Consequently, the system design itself will be fully validated – at least in theory – by
measuring the power output achieved regardless of efficiency. In fact, efficiency is often
sacrificed over power output for projects in rural settings as the limitation of funds, appropriate
equipment, and maintenance personnel make developing high-efficiency systems very difficult
(Inversin & Foundation, 1986). However, measuring the inefficiencies of each component in the
system provides useful insight into areas of the design that can be improved. If the power output
does not match what was intended, measurement of inefficiency will be invaluable in
determining areas for improvement.
Power is lost in transmission through several components in the system. In particular,
power is lost from the pump to the turbine along the penstock from friction in the pipe (referred
to as major loss) and in fittings used to divert the direction of flow to the turbine (referred to as
minor losses). The power available in the water is only partially converted into power to rotate
the turbine shaft due to the inefficiency associated with converting all the pressure and flow rate
from the nozzle jets to the runner buckets. Additional power is lost between the turbine and
generator shafts due to imprecise balancing of the Pelton wheel on the turbine shaft that leads to
vibration, as well as friction between the shaft, bearings, and flexible coupling. Lastly, the
generator itself will dissipate power in the form of back emf in the windings and losses due to
heat generated. Each of these losses can be accounted for by measuring the ratio of the power
input to output for each process.
Nozzle Jet Power Output
The power of a flowing quantity of water is given by
P = pQ

(13)

where P is the power developed, p is the hydrostatic pressure of the flow, and Q is the flow rate.
Using a Bourdon tube pressure gauge, the pressure of the water before the nozzles can be
measured. In order to measure the flow rate out of the nozzles using a method that can be
implemented by the villagers of Mae Chan Thai, a V-notch weir is used (see Figure 24). The
flow rate through a V-notch weir is derived from calculus using Bernoulli’s equation. For a 60°
V-notch weir, this turns out to be
Q = 3.71H2.5 (ft3/s)

(14)

where H is given in feet. Using the value of the pressure from the pressure gauge with flow rate
measured from this weir, the power output of the water jets can be measured.
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Figure 24. V-Notch Weir.
P is the height of the notch above level ground, H the height of the water above the notch, θ the
angle of the notch, and S the length of the sides of the weir.
Turbine Brake Horse Power
The turbine brake horse power is measured using a de Prony brake (see Figure 25). Brake
horsepower refers specifically to the effective power output of the shaft and stems from electric
motor terminology where the power indicated on a motor is typically given as the electric power
consumed by the motor. A de Prony brake measures power output by providing a torque to the
shaft. Measuring the speeds of the shaft at several applied torques, one can calculate the power
output of the shaft as a function of speed. Such a curve is used to determine the operating point
of shaft.
A de Prony brake operates as follows. A pulley of known diameter is rigidly fixed to the
shaft. A belt is then wrapped around the pulley and attached to two spring scales. These springs
are attached to a support used to increase or decrease the tension in the belt as desired. A
tachometer can then be used to measure the speed of the shaft as this torque is applied.
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Figure 25. A typical de Prony brake configuration.
A pulley (D) is attached to the shaft. A belt is wrapped around the pulley and attached
to two spring scales (A and B). These are also attached to an adjustable support that
allows the user to increase or decrease the tension in the belt as necessary. A
tachometer (C) is used to measure the rotational speed of the shaft.
Two springs are used to measure the torque applied to the shaft in order to eliminate the
need to measure the coefficient of friction between the belt and pulley and to properly account
for the mechanics behind the rotation of the pulley itself (see Figure 26). A belt in static tension
experiences the same force throughout the entire length of the belt, which is the key to the
operation of pulleys used for lifting and lowering heavy objects. In this case, the pulleys are
made to rotate freely and the addition of a belt wrapped several times around the it provides
mechanical advantage.
However, the pulley on a de Prony brake is a drive pulley, which is fixed rigidly to the
shaft. As such, the rotation of the pulley creates friction between it and the belt. This causes one
side of the belt to experience an increased tensile force and the other a reduced amount of tension
depending on the direction of the rotation of the pulley. For the pulley shown in Figure 26, the
clockwise rotation of the pulley creates additional tension in the right side of the belt and a
reduced tension on the left side.
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Figure 26. Mechanics behind the deProny brake.

The difference in the tensions between both sides of the belt is equal to the frictional
force applied to the pulley used to slow it down. The work applied to the pulley per revolution of
the shaft is given by
W = (T-T’)(2πR)

(15)

and the power developed per revolution by
P = Wf

(16)

where W is the work per revolution, T and T’ are the tensions in the right- and left-hand sides of
the belt, respectively, R is the radius of the pulley, and f is the rotational speed of the shaft
measured in revolutions per second. Since the actual tension in both sides of the belt are
measured, the coefficient of kinetic friction need not be known in to compute the torque applied
to the shaft, which varies depending on the materials in contact and the nature of their contact.
Measuring the rotational speed of the shaft using a tachometer, a power-speed curve and torquespeed curve can then be developed. This graph is useful in determining the best operating point
for the turbine as well as the efficiency in transmitting water power into mechanical power.
System Efficiencies
The power transmission efficiencies of each component can be given as follows
ηpenstock =

(17)

ηturbine =

(18)

ηgenerator =

(19)

η = ηpenstock ηturbine ηgenerator.

(20)
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Table 9. Test Development and Equipment
Equipment

Vendor

Model

Number
Used

Variable
Measured

Range

Resolution

2” diameter
Bourdon tube
dial pressure
gauge

American
Granby, Inc.

IPPG3024L

2

penstock
pressure

0-100
psig

1 psig

2.5 –
99,999
rpm

1 rpm

digital photo
tachometer

Tondaj

DT2234C+

1

turbine
shaft
rotational
speed

hanging
digital scale

Guangzhou
Weiheng
Electronic
Co. Ltd.

40 kg x 10
g

2

belt tension

0 – 40
kg

10 g

Phoenix

N/A

1

N/A

N/A

N/A

Miners Ace
Hardware

N/A

1

belt tension

~800
lbs

N/A

Miners Ace
Hardware

N/A

N/A

N/A

N/A

N/A

¾” bore splitsteel drive
pulley
3/16”
stainless steel
cable
1 ½”
turnbuckle
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(b)

(c)

Figure 27. Built de Prony brake for Cal Poly Fluids Lab.
The bracing (a, b) is made from 10-in zinc-plated aluminum corner braces bolted into the top
plate of the turbine housing. Two hanging digital scales attached to 3/16” stainless steel cable
around a steel drive pulley (c) were adjusted using a 1.5”-long turnbuckle.

(a)

(b)

Figure 28. Digital photo tachometer (a) and reflective tape (b).
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6. PROJECT MANAGEMENT PLAN
Due to the scope of this senior project, the “Seang Systems” hydropower team has been
structured into a multi-disciplinary team, including three senior mechanical engineering students
(Ravi Sahai, Adam Hendry, and Adam Eberwein) and two electrical engineering students (Ian
Verstuyft and Chris Neally).
Adam Eberwein, Adam Hendry, and Ravi Sahai have led the design and analysis on the
mechanical side, working specifically on the electricity demand and available power
calculations, turbine and generator housing analysis, and pump sizing and selection. Adam E. led
the pump selection and turbine shaft analysis, Adam H. focused on flow rate and rainfall
calculations, and Ravi worked on the electricity demand and available fluid power. The entire
team worked together to finalize the housing design, collaborating with both Professor
Jumonville and shop techs from Cal Poly’s machine shop for advice on sizing, materials, and
manufacturability.
A number of changes have occurred throughout the completion of this senior project but
since first being introduced, the goal of the micro hydro project was to successfully design a
system that would aid Engineers Without Borders in their goal to implement a functional and
durable hydropower system in their partnering Thai community. As seen below in Table 10, the
timeline of this senior project was planned directly in accordance with the timeline set by the
EWB team, while in conjunction with the milestones separately set by the Mechanical
Engineering Department. Without a proper project management plan, these two preset timelines
could have come into direct conflict and successful merging difficult to obtain.
Table 10. Timeline of Major Milestones
Quarter

Task

Completion Date

Fall 2012

Research

10/1/2012

Project Proposal

10/18/2012

Design Concept Model

11/5/2012

Conceptual Design Report

11/29/2012

Conceptual Design Review

12/3/2012

Winter Break

EWB Assessment Trip

1/5/2013

Winter 2013

Analysis, Drawing Review

1/8/2013

Test Plan Development

1/15/2013

Critical Design Review

1/29/2013

Design Report

2/5/2013

Team Ethics Presentation

2/19/2013

Manufacturing and Test Review

3/5/2013

Project Hardware/Assembly Demo

4/29/2013

Senior Project Design Expo

5/30/2013

Summer 2013

EWB Hydro Final Assessment

8/1/2013

Winter 2013

Potential EWB Implementation

12/1/2013

Spring 2013
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7. CONCLUSIONS AND RECOMMENDATIONS
At the conclusion of the 2012-2013 senior project cycle, the micro hydro senior project
team has successfully completed the goals laid out in the original Fall 2012 senior project
proposal. A partnership was formed with the community of Mae Chan Thai, Thailand to assess
the need for a dependable source of energy and, if seen as suitable, move forward with the design
and construction of a micro hydropower system. The Cal Poly senior project team would aid in
this process by designing a system sized for the village and build a full scale working model of
the village system in the Fluid Mechanics Laboratory. As of June 2013, a fully functional
prototype is stationed in the Fluid Mechanics Laboratory, incorporating all components
necessary for a fully functioning system in Mae Chan Thai. A number of important lessons were
learned during the design and construction of this system and these lessons have been relayed to
the Thailand Engineers Without Borders team. The specifics on these lessons learned can be
found in “Appendix N: Lessons Learned”. With this information, the EWB team can avoid
problems that will be difficult to foresee without first going through the construction process
firsthand. The EWB team plans to travel on a final assessment trip in August 2013 and a pending
implementation trip will take place December 2013. After the completion of senior project,
members from the senior project team will remain available for additional insight on system
design and construction.
Additionally, open dialogue has been maintained between the senior project team and the
mechanical engineering department on details behind the future of the Fluids Lab hydro system.
The main line of contact has remained Professor Glen Thorncroft of the Mechanical Engineering
Department, as the micro hydro power senior project could complement the fluids lab reaction
turbine system currently under his care. Although there is potential for future incorporation in the
mechanical engineering curriculum as an intermediate fluid mechanics lab project,
improvements to the system first must be made in both quality and safety measures. As Professor
Throncroft has previously described to the senior project team, senior projects typically require
three generations of design, redesign, and construction before a project can systematically be
formed into a fully functional academic lab project.
The micro hydro power project has completed the first generation of design and
construction and would require certain improvements on quality and safety before the system is
fully ready for student learning. However, this senior project team has made recommendations
on avenues for future improvement to the Fluids Lab micro hydro system and avenues for
potential Intermediate Fluid Mechanics lab write-ups that the Mechanical Engineering
department could incorporate. These recommendations can be found in the Conclusions and
Recommendations section. Regardless of future laboratory project status, the Mechanical
Engineering Department, via Professor Thorncroft, has allowed for the system to remain in the
current location during the Fall 2013 academic quarter, while future permanent placement can be
solidified.
The current placement of the hydro system will provide benefit to a number of interested
parties, including reference to the Engineers Without Borders team as the move forward with the
design of their own system. Maintaining access to the fluids lab to complete any form of testing
could result in significant importance to the team. A number of current classes on campus could
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also find potential use out of using the hydropower system as a visual for their own curriculum.
Mechanical Engineering courses, such as Turbomachinery and Energy Conversion, and a variety
of Electrical Engineering courses, including Energy Conversion Electromagnetics, could all find
relevance in incorporating the micro hydro system.
The micro hydropower senior project has stood as a great learning tool to both the team
members of the senior project team and the Engineers Without Borders group. The goal has
always focused on the advancement of student understanding with the hopes of future
implementation in Thailand future educational significance at Cal Poly. With these goals
initiated, the senior project team is excited for where this project will lead to in the years to
come.
Lab Experiments
The ultimate decision on what formal lab experiment is appropriate for the fluid
mechanics lab is entirely up to the mechanical engineering department and what their interests
are in well-rounded fluid mechanics lab section. However, after working through this senior
project, the design team has formed its own idea of how this system can be incorporated into a
fluid mechanics lab. Many of the other experiments currently present in the fluid mechanics lab
focus fully understanding and optimizing a single component of a moving fluid, typically air. By
simply repeating the work completed by the micro hydropower team, many different subjects
covered in Intermediate Fluid Mechanics Laboratory can be analyzed in a series of experiments.
Experiment #1 Abstract: You and your team are assigned to design a micro hydropower
system for a rural hill tribe village in northern Thailand. You are given the available elevation
change and flow you can draw from the river. You are also given the only available turbine size
and the optimal jet diameter for this specific turbine. From this information, find a theoretical
power output out of the turbine.
Experiment #2 Abstract: Now that you have designed a micro hydro system for the Thai
village, you want to design a full scale model in the Cal Poly Fluid Mechanics Laboratory. An
8,000 gallon underground sump is all that is available for a source of water so you must size a
pump to simulate the available head and flow for the partnering community.
The experiments currently used in the fluids lab are all very beneficial from an
educational standpoint, pertaining to the characteristics of a fluid in a system. However, they
often lack an application to real-world scenarios. Incorporating experiments that relate directly to
real-world problems engage students in new ways that can help peak students’ interest in the
theoretical material learned in lecture.
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9. APPENDICES
9.1. Appendix A: Partnering Community Location

Huai Nam Khun, Thailand

Location of Huai Nam Khun in Thailand
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Chiang Rai

Huai Nam Khun

Chiang Mai

Location of Huai Nam Khun in relation to Chiang Mai

Layout of Mae Chan Village Hydropower System

EWB Micro Hydropower System Design for Mae Chan Thai

Figure 14. View #1, Mae Chan Thai
River

View #1, Mae Chain Thai River

View #2, Mae Chain Thai River
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Mae Chan Thai Turbine (non-functional)

Mae Chan Thai Settling Tank

Mae Chan Thai Power Transmission Lines

Mae Chan Thai electric meters
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9.2. Appendix B: Flow Rate calculations for Mae Chan Thai River

Mae Chan Thai River Section Profile
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9.3. Appendix C: EWB Post Assessment Report
Mae Chan Thai Assessment
Talk to local government in charge of interested communities
- Sek Son: King’s Project official
- not likely that MCT will receive power
- Two new large hydroelectric systems have been built, one is running, one is close to
starting (the one right next to Jesea is close to starting).
- MCT is too remote at this point to receive any electricity.
Are they fine with the installation of independent hydro systems?
- We didn’t ask, but MCT is pretty remote so it won’t be a problem for many years. They
already had a hydro system so it should be ok.
Get any contacts they have that could help
- please see Allie Davis (ewbthailand@gmail.com)
Where to buy materials
- Engeneo has small parts but not big ones. We could not find large components anywhere
in Chaing Mai. Bangkok will probably have them.
- Transmission lines can be purchased at Global House
- Government funding rotates with Pattana and Panasiri every three years; this year may be
MCT’s turn, so they could get the funding need for this project.
- otherwise, government does not really fund projects, too many logistical issues
- Akha Educational Foundation helped secure funding through UN
Are there any government electrical technicians who come into the area frequently that
could help with operating systems?
- No, but there is someone who takes care of the big system who probably knows what
they are doing.
- previous connections with Akha Educational Association, University of Technology
Lanna in Chiang Mai, and another group in Burma that helped with the implementation
- We might be able to put together a simplified troubleshooting manual for whoever is in
charge of the system, and then also help them to locate a reputable technician from
Chiang Rai or somewhere nearby that they can call when there are issues.
Mae Chan Tai GPS coordinates:
- MCT settling tank:
N 19￮ 28’ 33.6”
E 99￮ 19’ 11”
Elev: 1299 m
- Housing Unit:
N 19￮ 28’ 34.3”
E 99￮ 19’ 9.8”
Elev: 1270 m
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Broken Pipe #1:
N 19￮ 28’ 29.7”
E 99￮ 19’ 10.2”
Elev: 1293 m
Broken Pipe #2 (split):
N 19￮ 28’ 28.9”
E 99￮ 19’ 11.2”
Elev: 1300 m
Dam
N 19￮ 28’ 27.6”
E 99￮ 19’ 10.7”
Elev: 1312 m
Survey with automatic level yielded change in elevation between settling tank and
housing unit: 83.05’
GPS estimates 40’ of head between the dam and the settling tank. This means probably
at least 20’ additional head can be obtained by moving settling tank up. We would need
to do a real survey using automatic level to confirm this.

Get a history of the system and all important past points to know about
- UNLDP paid for the first project
- Akha Educational Association
- Villagers put the first system in May 2010
- First system was a Chinese generator which had issues with ball bearings but did not
need as many electronics
- University of Technology Chaing Mai fixed the system February 2011
- UTCM replaced the generator with a new German one, less problems with ball bearings
but running through a large cabinet that can handle 2 kw
o the generator was capable of 2.5 kW, the cabinet could hold 2 kW
- July to August 2011 the system was struck by lighting
- Grad students from University of Technology took the parts back to fix them (inverter
and solar panels)
- never returned since they graduated
- the teacher at the school and possibly a couple others have electrical experience
Find out where they got their materials
- Engineo
How do they maintain their system?
- They hire a guy from Chaing Mai along with the two electricians in their village.
Have they run into any issues in maintaining their system?
- yes, the entire thing is gone
Where would they go to replace parts?
- engineo, university of technology chaing mai
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Measure out (roughly) the head and flow rate, and record the type of turbine system,
energy output to community
- Please see our detailed surveys
Mechanical Questions
Flow rate
- Between 0.055 to 0.079 m^3/s at the present hydro location. Between 0.023-0.026 m^3/s
at the proposed alternate hydro location. See Excel sheets for full calcs.
Head Tank and Turbine Locations
- (Head tank should be at a higher elevation, near a natural pooling location, at a good
location for head tank placement)
- (Accessible route for piping near river)
- See the map drawn and the photos taken
Turbine should be near river but outside of flooding range, in location where stable
foundation can be built, limited erosion potential, and smallest distance to village as
possible
- The Turbine is well above the high water line. It sits up on the bank perched on a large
boulder. Very sturdy and safe location.
Elevation change (between potential head tank and turbine locations)
- Under the present set up the total head at the site in MCT is 83.05ft. (Done using an
automatic level, error is +-0.5ft.
VIDEOS!
- There are a number of videos of both sites (the current one and the proposed site).
Materials (figure out in Chiang Mai)
- (Where to buy necessary materials in country. How much? Transportation issues?
Accessible to communities?)
- We found components at Engineo (biggest place in Chaing Mai) but they were not big
enough to handle higher wattage
- Transmission lines can be purchased at Global House
Turbine (any available small scale turbines)
- We found a very small scale hydro system at Engineo but it would not be able to keep up.
The current system is a Drivo/Divo/something pump for water that was reversed and then
regulated
Piping (Hopefully schedule 80 PVC or HDPE)
- we can find that really easily
Head Tank
- Settling tank was being used as a head tank. Please see pictures.
- This is currently built from concrete. Could be masonry, or a large plastic tank like the
slow sand filters.
Appropriate materials for a structure to house turbine/electrical components
- There already is one but they want to move it to a different place. The villagers seem
willing to help with construction of a new one.
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Just a simple wood frame with corrugated sheet metal for walls and roof.

Electrical Questions
Mae Chan Tai Assessment Information
- Electricity is their main priority
Uses/desired uses for electricity:
- Lighting
- coffee machines (note: they mentioned they would purchase a coffee-de-husker if they
had sufficient electricity) (They maybe already have an electric dehusker that is currently
being run on a gas generator)
- rice cookers
- TVs
- Computers
- Refrigerators
- essentially will use as much electricity as possible
- Previous system provided each house with max. 3 light bulbs
Find best routes for transmission lines
- Already is one. It runs back along the footpath and the road straight back to the village.
- they have bamboo poles that are not very secure, notched at the top with wire resting on
top, some have fallen down, some are thinner branches
Need to know distance to figure out losses
- 1km for current system
- 2km for projected system
Makeup up all housing in entire village
- 34 houses
- all want electricity
- individual houses, spread over hilled terrain
- control box/end of original hydro cable was at the current headmen’s house; wired from
there to each individual house
Rate of expansion of the community (more houses/appliance needs in the near future?)
- not much expansion
Extra Questions
What do people use the river water for right now?
- 20M downstream from the output of the current hydro system is the intake for drinking
water for HNK
Do certain people own areas of land where building would be appropriate?
- we know the guy and he seems fine
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Can we get a better prediction of rainfall?
- We got the flow rate and it rises about one foot during the rainy season.
Which areas in the village typically flood?
- nothing much, it just rises about one foot
If we do lay the piping above ground, are there enough places where we could lay it that
have shade?
- very shady
Where is the “minimal” spot where water must be brought back so that farmers and
villagers get the amount of water they need for their other activities?
- we can put the systems right next to the river and dump the water right there
Bearings often break on turbines and that brushes in generators are a constant
maintenance problem. Has the Mae Chan Thai hydropower system had the same problem?
- yes, the Chinese systems had problems with that, the German system did not have that
problem
Soil type
- we have soil samples and are recorded
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9.4. Appendix D: How To Measure Flow- float method
It is found by multiplying a cross sectional area of the stream by the velocity of the water.
1. Locate a spot in the stream that will act as the cross section of the stream.
2. Using a meter stick, or some other means of measurement, measure the depth of
the stream at equal intervals along the width of the stream.
3. Once this data is gathered, multiply each depth by the interval it was taken in and
add all the amounts together. This calculation is the area of a cross section of the
stream.
4. Decide on a length of the stream, typically longer than the width of the river, to send
a floating object down (oranges work great).
5. Using a stopwatch, measure the time it takes the float to travel down the length of
stream from step 4.
6. Repeat step five 5-10 times and determine the average time taken for the float to
travel the stream. Throw the float into the water at different distances from the
shoreline in order to gain a more accurate average.
7. Divide the stream length found in step 4 by the average time in step 6 to determine
the average velocity of the stream.
8. The velocity found in step 7 must be multiplied by a friction correction factor. Since
the top of a stream flows faster than the bottom due to friction against the stream
bed, the friction correction factor evens out the flow. For rough or rocky bottoms,
multiply the velocity by 0.85. For smooth, muddy, sandy, or smooth bedrock
conditions, multiply the velocity by a correction factor of 0.9.
9. The corrected velocity multiplied by the cross sectional area yields the flow rate in
volume/time.
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9.5. Appendix E: Mae Chan Thai Demand and Power Available
Village Demand
Equipment
Fluorescent light bulb
Standard light bulb

Television
Refrigerator

Assumptions
Elevation, z (ft)
Flow Rate, Q (gpm)
Pressure loss in PVC
pipe
Specific Weight of
water, γ (lb/ft^3)
Gravity, g (ft/s^2)
Pipe diameter, d (in)

Power per unit (W)

Quantity

Total Power (W)

13

102

1326

60
111
540

0
2
1

0
222

Total

2088

84.3
174.35
0
62.428
32.2
4

Fluid Power Analysis
z*

Outlet Pressure, p (psi)

36.5

Area of pipe (ft^2)

0.05

Outlet Velocity (ft/s)

7.91

Energy Head (ft)

169.57

Kinetic Energy (ft)

85.27

Available Power (kW)

2.80

540
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9.6. Appendix F: Turbine Calculations (Predicted Turbine Power for Fluids Lab)

Turbine Torque & Power (Imperial)
1.0

Torque (ftlb)

12

Torque

0.9

Power

0.8

10

0.7

8

0.6
0.5

6

0.4

4

0.3
0.2

2

0.1

0
0

500

0.0
1500

1000

Speed (rpm)

Turbine Torque and Power (SI)
18

0.7

Torque

16

Power

0.5

12
10

0.4

8

0.3

6

0.2

4
0.1

2
0
0

500

1000

Speed (rpm)

0.0
1500

Power (kW)

Torque (Nm)

14

0.6

Power (hp)

14
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9.7. Appendix G: Fluid Analysis- Mae Chan Thai
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9.8. Appendix H: Fluid Analysis- Fluids Lab
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9.9. Appendix I: Plate Bending Analysis
Table 9: Housing Plate Analysis
Material: Steel
Plate Thickness (in)
Width of plate (in)
Generator Weight (lb)
Turbine Weight (lb)
Housing Weight (lb)
Strength (psi)
Max Moment (lb in)
Moment of Inertia (in^4)
Stress (psi)
Factor of Safety

0.125
26.5
13.0
2.0
10.0
30000
165.6
0.00431

Material: Aluminum
Plate Thickness (in)
Width of plate (in)
Generator Weight (lb)
Turbine Weight (lb)
Housing Weight (lb)
Strength (psi)
Max Moment (lb in)
Moment of Inertia (in^4)

0.125
26.5
13.0
2.0
10.0
35000
165.6
0.00431

2400
12.50

Stress (psi)
Factor of Safety

2400
14.58

Table 10: Pump Plate Analysis
Material: Steel
Plate Thickness (in)
Width of plate (in)
Pump (lb)
Motor (lb)
Strength (psi)
Max Moment (lb in)
Moment of Inertia (in^4)
Stress (psi)
Factor of Safety

0.125
10.5
34.0
88.0
30000
320.3
0.00171
11712
2.56

Material: Aluminum
Plate Thickness (in)
Width of plate (in)
Generator Weight (lb)
Turbine Weight (lb)
Strength (psi)
Max Moment (lb in)
Moment of Inertia (in^4)
Stress (psi)
Factor of Safety

0.125
10.5
34.0
88.0
35000
320.3
0.00171
11712
2.99

Table 11: Generator Plate Analysis
Material: Steel
Plate Thickness (in)
Width of plate (in)
Length of Generator (in)
Generator (lb)
Strength (psi)
Max Moment (lb in)
Moment of Inertia (in^4)
Stress (psi)
Factor of Safety

0.125
10.0
3.0
13.0
30000
19.5
0.00163
748.8
40.06

Material: Aluminum
Plate Thickness (in)
Width of plate (in)
Length of Generator (in)
Generator Weight (lb)
Strength (psi)
Max Moment (lb in)
Moment of Inertia (in^4)
Stress (psi)
Factor of Safety

0.125
10.0
3.0
13.0
35000
19.5
0.00163
748.8
46.74
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9.10. Appendix J: Shaft Design Analysis

Stainless Steel Type 303
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9.11. Appendix K. Shaft Deflection Analysis (highlighted values are maximum values)
X Coordinate
(in)

Y Deflection
(in)

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3
3.1
3.2
3.3
3.4
3.5
3.6
3.7

0.00000
-0.00015
-0.00029
-0.00044
-0.00058
-0.00072
-0.00086
-0.00100
-0.00113
-0.00126
-0.00138
-0.00150
-0.00161
-0.00171
-0.00181
-0.00190
-0.00198
-0.00205
-0.00212
-0.00217
-0.00221
-0.00224
-0.00226
-0.00227
-0.00227
-0.00225
-0.00222
-0.00219
-0.00214
-0.00209
-0.00203
-0.00197
-0.00190
-0.00183
-0.00174
-0.00166
-0.00157
-0.00147

Slope
(rad)

Slope
(deg)

-0.00213
-0.00199
-0.00186
-0.00173
-0.00161
-0.00148
-0.00137
-0.00125
-0.00114
-0.00103
-0.00092
-0.00082
-0.00072
-0.00063
-0.00054
-0.00045
-0.00037
-0.00028
-0.00021
-0.00013
-6E-05
7.7E-06
7.21E-05
0.000133
0.000191
0.000245
0.000295
0.000343
0.000387
0.000427
0.000465
0.000498
0.000529
0.000556
0.000579
0.000599
0.000616
0.00063

-0.12197
-0.1142
-0.10662
-0.09923
-0.09204
-0.08504
-0.07824
-0.07163
-0.06521
-0.05899
-0.05297
-0.04714
-0.04151
-0.03607
-0.03082
-0.02577
-0.02092
-0.01626
-0.01179
-0.00752
-0.00344
0.000441
0.004128
0.007621
0.010919
0.014022
0.01693
0.019644
0.022163
0.024487
0.026616
0.028551
0.030291
0.031836
0.033187
0.034343
0.035304
0.03607
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3.8
3.9
4
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5

-0.00137
-0.00127
-0.00117
-0.00106
-0.00095
-0.00083
-0.00072
-0.00060
-0.00048
-0.00036
-0.00024
-0.00012
0.00000

0.00064
0.000646
0.000649
0.000649
0.000645
0.000638
0.000628
0.000614
0.000597
0.000576
0.000552
0.000525
0.000494

0.036642
0.037019
0.037201
0.037189
0.036981
0.036579
0.035983
0.035191
0.034205
0.033024
0.031649
0.030078
0.028313
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Power Bright 1100W
Inverter 220V 50Hz

$108
http://www.voltagetransformers.com/products/Power-Bright-12V-DC-toAC-1100-Watt-Power-Inverter.html
150A 3 Phase Rectifier

$35
http://www.amazon.com/Phase-Diode-Bridge-RectifierMDS150A/dp/B008F162KS
Permanent Magnet AC
Synchronous Generator
Motenergy’s ME1016 PM
Generator

$149 www.motenergy.com
Motenergy’s ME0903
Pelton Water Wheel

$60
www.motenergy.com
12V UB12900 Battery(4)

4 x $190 =$ 760
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http://www.altestore.com/store/Deep-Cycle-Batteries/Batteries-SealedAgm/Universal-Ub12900-12V-90Ah-20Hr-Sealed-Agm-Batt/p2004/
Schneider Xantrex C60
Charge Controller

$140 but Ian works for Schneider Electric and they gave us one for the
project.
http://www.schneider-electric.com/site/home/index.cfm/ae/
Xantrex Digital Display
Faceplate

$85
http://www.altestore.com/store/Charge-Controllers/Solar-ChargeControllers/PWM-Type-Solar-Charge-Controllers/Xantrex-Solar-ChargeControllers-PWM/Accessories-for-Xantrex-PWM-Charge-Cntrl/XantrexCM-Digital-Display-for-C12-C35-C40-and-C60-Charge-Controllers/p2082/
12V 1200W Diversion Load

$102
http://www.windynation.com/products/accessories/dump-loads/12v1500w-dump-and-diversion-load-system
1000W 2:1 AC Transformer

80A Fuses
AWG #6

$50
http://www.amazon.com/Goldsource-STU-1000-Voltage-TransformerConverter/dp/B0022TVX2Q/ref=sr_1_4?ie=UTF8&qid=1369381304&sr=84&keywords=transformator+220v+to+110v
10 x $2 = $20
$1.07/ft @ 60ft = $64.20
Home Depot
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9.13. Appendix M: Manufacturing Drawings
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9.14. Appendix N: Lessons Learned
EWB Assessment Practices
 Site map out of exactly where piping will be placed
 Make sure head measurements are very accurate
 Much better to understand the flow of the river throughout the entire year, giving high
and low values in dry season and monsoon season. Better to size system for low flow if
maintaining constant flow throughout the entire year. When measured in December in
dry season, could have been low point in flow but probably not. Our analysis found that
the low point in flow could be somewhere in April and this would be good to know.
 Find suppliers for micro hydro turbines and generators ASAP and then run all calcs based
on what you have available. We found very few suppliers in the US and might be
difficult in Thailand as well.
Fluid Mechanics Design
 If using PVC piping, use schedule 80 to ensure proper thickness throughout entire
penstock
 PVC degrades in sun
 Will need to anchor penstock somehow
 Accurately map out piping and incorporate every loss in the system when sizing turbine.
Avoid as many pipe size changes and fittings as possible
 For cutting nozzles to appropriate size, cut too small first and then test system. Can
always cut nozzle holes larger
 When gluing PVC, use primer first for proper seal. When gluing, make a quarter turn to
equally spread glue over entire contact surface.
 If using another type of plastic (such as ABS) use proper glue. Avoid mixing because
some do not work for all types of plastics
 For threaded pipes of larger diameter, use a threading paste to properly seal the piping
 Turbine manufacturer should give specs on where to optimally place nozzles in reference
to the turbine. Design housing based on this.
 Turbine housing that we made might be too small. Transfer of energy from fluid to
turbine in Fluids Lab system very inefficient due to splashing back on the turbine and
housing could be flooded. Consider more room for fluid to release after turbine contact
 Pelton wheel is operating at highest efficiency when fluid contacting cups is discharged
at a 90 degree angle outwards. Incorporate a ball valve near turbine to change flow rate
and pressure of fluid hitting the turbine (keep in mind the more the ball valve is closed,
the higher the head losses in the penstock system).
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Machining Practices
 The less machining needed for the design in Thailand, the better! Machining often leads
to requiring precision work. Takes more time to build parts and higher precision
equipment becomes necessary.
 Best to make supporting structures where you can simply drill holes and bolts parts
together to avoid welding.
 Design turbine/generator housing in a way that every part can be taken off and replaced,
when necessary. Although the turbine shaft had to be milled for our senior project, it was
designed in a way that every component can be taken off, if needed. However, avoid
lathe work if possible to maintain system functionality.
 Coat all steel metal components in contact with water. Aluminum corrodes over time so
anodize aluminum parts such as the turbine prior to use, if not done so already.
 We were strongly advised to avoid using plastic materials when needing to carry loads.
Plastic tends to “creep” (this means that strength decreases over time), even if in the
analysis it should hold up to the given loads. Instead, we made plastic windows on the
inside of aluminum supporting structure so that the turbine would be visible (if glued to
internal surface, load gets transferred to aluminum wall).
 Use stainless steel bolts instead of zinc coated bolts. Holds up to higher loads and higher
corrosion resistance.
 Any contact of dissimilar metals, such as stainless steel bolts into aluminum housing, can
cause corrosion over time. Bolts can lock and become difficult to remove if maintenance
is ever needed down the road. To help with corrosion, apply anti-seize lubricant prior to
assembly.
 Corrosion already showing on fluids lab system at connection between the ball bearings
and shaft. Might be due to lathe work on stainless steel shaft or just an effect of Loctite
bearing compound being applied.
 For ball bearings, buy the most durable/expensive ones possible for the application to last
as long as possible and not have to replace internal grease. Bearings are usually the first
parts to fail in systems with rotating machinery. Should be double sealed if in contact
with water and should be rated for over 20 years.
 Might need Loctite bearing compound to make sure shaft and bearing ID remain fixed
and rotate together. Avoid if possible, since Loctite would make removal for maintenance
difficult.
 Our system was built for direct drive use. Nice so that a gearing system was not needed
(additional parts that could break) but required perfect alignment if no flexible coupling
used and almost perfect alignment with flexible coupling. Avoid situations where perfect
alignment is necessary and difficult to achieve.
 Silicon is only a temporary fix to leaks and often not affective if there is any pressure
buildup at the leak. Make sure all necessary seals are tight prior to use and use a stronger
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epoxy used for specific material requiring bonding if leaks become an issue. Many epoxy
options are available for viewing on McMaster-Carr website and other similar websites.
Electrical Practices
 Whatever generator you buy, make sure to have the operation curves given to you. This is
critical to whether you need to use gears to adjust the torque-speed ratio coming out of
the turbine. You want to match the optimal torque and rpm values of the turbine to the
optimal torque and speed values of the generator. Voltage and current output are
necessary to understand to size all electrical components (transformers, inverters,
diversion controllers, etc.)
 Buy a very durable and high quality inverter. Ours was a cheap option that worked well
except for handling spikes from refrigerator. Refrigerator would only turn on
momentarily when opened causing spikes in use. Inverter turns DC input into a similar
version of AC output but for cheap inverters the results looks more like a rectangle than
an AC curve.
 Operating the whole electrical system through battery bank with a diversion controller
worked very well at load control. Could use any number of electrical components under
the rated 1000 W inverter we used and wouldn’t change the operating conditions. Would
just change the rate of power draw from the batteries.
 Battery bank with diversion controller also makes it possible to incorporate the solar cells
into the grid. Simply include another diversion controller for the solar cells that feed into
battery bank and diversion load and both the hydro system and solar systems can charge
the batteries simultaneously
 When batteries are full, use excess energy to heat water
 We used battery banks more typical to boating applications, which are a better
application when compared to car batteries. Our batteries were deep cycle lead acid
batteries.

